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We present results for the dynamical magnetic susceptibility of the t-J model, calculated with the dynam-
ical mean field theory. For J = 0 we find enhanced ferromagnetic correlations but an otherwise relatively
~q-independent dynamical magnetic susceptibility. For J > 0 the explicit antiferromagnetic exchange leads
to a dynamic spin structure factor with the expected peak at the antiferromagnetic Bragg point.
The observation that the local electron-electron
interaction in models of strongly correlated elec-
tronsystems leads in the limit spatial dimensions
d → ∞ to a local one-particle self energy [1],
founded the so-called dynamical mean field the-
ory (DMFT): The lattice problem maps onto
an impurity system coupled to an effective, self-
consistently determined bath [2], the lattice struc-
ture enters only via the free density of states
(DOS) ρ0(ǫ) =
∑
~k
δ(ǫ− ǫ~k).
In addition to the calculation of one-particle prop-
erties the DMFT also allows to obtain the two-
particle quantities [3], especially the dynamical
magnetic susceptibility. So far, however, only
static susceptibilities have been studied [3, 4, 5].
In this contribution we want to present first re-
sults for the dynamical magnetic susceptibility of
a strongly correlated electron system calculated
within the DMFT.
The model we want to discuss is the well-known
t-J model
HtJ = −t
∑
〈i,j〉σ
cˆ†jσ cˆiσ + J
∑
〈i,j〉
~Si · ~Sj .
The operator cˆ†iσ creates an electron with spin
σ on site i if and only if no other particle is
present, the ~Si are the conventional spin oper-
ators and 〈·, ·〉 denotes sums on nearest neigh-
bours only. In a previous publication [5], we
have shown that the magnetic susceptibility for
this model acquires a particularly simple form,
namely χtJ~q (z) = χ
∞
~q (z)
[
1− J~qχ
∞
~q (z)
]−1
. Here,
χ∞~q (z) denotes the magnetic susceptibility for
J = 0, i.e. the U =∞ Hubbard model, and J~q is
given by
J~q = −
J
d
d∑
l=1
cos(ql · a) .
The major problem is the calculation of χ∞~q (z).
This task can be performed most conveniently in
Matsubara space, since there the calculation re-
duces to the inversion of matrices. The final step,
the analytic continuation χ∞~q (iνn)→ χ
∞
~q (ω + iδ)
is then performed with Pade´ approximation. To
calculate χ∞~q (z) we use standard resolvent tech-
niques in connection with the NCA [6] as ex-
plained in reference [5]. Note that since we solve
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Figure 1: Local dynamical magnetic susceptibil-
ity for J = 0 obtained directly from the effective
local model (lines) and from the Matsubara data
via numerical analytic continuation with Pade´ ap-
proximants (symbols). The inset shows the un-
derlying data in Matsubara space. The parame-
ters in the calculation are δ = 5% and T = t/30.
the DMFT by perturbative techniques the results
for χ∞~q (iνn) do not contain statistical errors like
in QMC and thus the analytic continuation via
Pade´ approximants is expected to work properly.
Let us nevertheless start with some “confidence
tests” for the latter procedure. This can most
conveniently be done with the help of the lo-
cal susceptibility, where one can obtain both,
χloc(ω+ iδ) and χloc(iνl) independently. In Fig. 1
we compare directly calculated results for the
local dynamic susceptibility (full lines) to those
obtained from a Pade´ approximation (symbols).
The typically rather structureless data on the
imaginary axis are displayed in the inset. Note
that we used merely n = 64 Matsubara frequen-
cies in the Pade´ approximation. This example
shows that at least for mildly varying functions
like susceptibilities the Pade´ approximation is a
rather accurate tool for numerical analytic con-
tinuation.
Figure 2: Spin strucure factor at J = 0 for δ = 5%
and T = t/30 as function of ~q an ω. Most promi-
nent is a slight enhancement of ferromagnetic
fluctuations for ω → 0 but an otherwise rather
weak variation with ~q.
The complete dynamical spin-structure factor
(g(ω) denotes the Bose function) S(~q, ω) =
ℑm
{
χ∞~q (ω + i0
+)
}
·{1 + g(ω)} for J = 0, i.e. the
U = ∞ Hubbard model, is shown in Fig. 2. The
doping is δ = 5% and the temperature T = t/30.
The result is quite characteristic for the spin cor-
relations in this model: As in the static case [5],
we find a rather weak ~q-dependence of S(~q, ω).
An interesting aspect is that for ω → 0 the fer-
romagnetic correlations at q = 0 are enhanced,
while for increasing energy ~q = (π, π, . . .) slightly
dominates. This result can be understood by the
fact that, since there is no net magnetic exchange
present in this model, no special configuration is
preferred by the system, except for ω → 0 where
a small gain in kinetic energy by a partially fer-
romagnetic polarization [7] is responsible for en-
hanced ferromagnetic correlations.
Figure 3: Spin structure factor for the t-J model
with J = T , other parameters as in Fig. 2. The
fluctuations are now strongest for ω → 0 and ~q at
the antiferromagnetic Bragg point, as expected.
The situation of course changes when we include
a finite exchange J = T : As is clear from Fig. 3,
the antiferromagnetic correlations are strongly
enhanced, as expected. It is noteworthy that the
weak ~q-dependence in χ∞~q (ω+ i0
+) has no signif-
icant influence for larger J . Note that the value
of J chosen here is still only 50% of the critical
value where a transition into an ordered state oc-
curs for the current parameter values. This sup-
ports our earlier suggestion that the prominent
effects of the spin dynamics for the t-J model in
the paramagnetic phase can already be addressed
by replacing χ∞~q (ω + i0
+)→ χloc(ω + i0
+) [5].
To conclude we presented DMFT-results for the
dynamical susceptibility for the t-J model. We
showed that for the present problem the numer-
ical analytic continuation by means of Pade´ ap-
proximation is a reliable tool. The results for the
dynamical susceptibility of the U = ∞ Hubbard
model show a behaviour as already conjectured
from the statics [5], namely a rather weak varia-
tion with ~q and a slight enhancement of the ferro-
magnetic correlations as ω → 0. A finite exchange
interaction J again strongly enhances the antifer-
romagnetic fluctuations. In this case the detailed
~q structure of the underlying susceptibility of the
Hubbard model is completely washed out. This
observation gives to some extent a microscopic
justification of recent suggestions for approximate
forms of the dynamical magnetic susceptibility for
strongly correlated models [8].
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